The authors report on the case of a diffuse pontine glioma in a 5-year-old boy in whom radiologically and cytologically occult leptomeningeal metastases led to the development of an atypical "external" hydrocephalus, associated with grossly elevated intracranial pressure (ICP). Initial neuroimaging demonstrated only mild communicating ventricular dilation associated with a noticeable enlargement of the subarachnoid space, particularly over the surface of the frontal lobes; these features are not usually associated with significantly elevated ICP. Possible pathophysiological mechanisms resulting in this unusual clinical presentation are discussed. Early recognition of the severity of the raised ICP despite the paucity of clinical and radiological signs may have averted the development of blindness due to optic atrophy. 
RAINSTEM tumors account for up to 25% of all intracranial neoplasms of childhood of which 60 to 80% are diffuse intrinsic brainstem gliomas. 5 Diffuse pontine gliomas occur most frequently in children between 6 and 10 years of age. 5 The tumors are usually characterized by an aggressive clinical course and the patient typically dies within 6 to 12 months of diagnosis. Radiotherapy has been shown to be effective in extending patient survival but the benefit is small; chemotherapy does not influence disease progression. 8, 9, 21 Multiple, often bilateral, cranial nerve involvement, ataxia, and long-tract signs are common clinical findings at presentation. 5, 17 In contrast, the finding of raised ICP at presentation is exceptional. 19 Hydrocephalus usually arises secondary to aqueductal obstruction by the expanding tumor mass and generally occurs late in the disease course. 5 A single case report of an adult who developed a communicating hydrocephalus secondary to leptomeningeal metastasis from an occult pontine glioma has been reported. 15 We present the unusual case of a diffuse pontine glioma in a child in whom early papilledema was found at presentation. The absence of radiological evidence of ventriculomegaly or tumor dissemination on initial imaging led to a delay in the recognition of the development of raised ICP, which resulted in blindness due to optic atrophy. Possible pathogenic mechanisms leading to this unusual presentation are discussed together with recommendations for the identification and management of similar cases.
Case Report
History and Examination. This 5-year-old boy presented to an ophthalmologist with a 2-day history of diplopia and a left-sided ptosis. He denied any headache or other symptoms of raised ICP. Examination revealed a partial left occulomotor nerve palsy, a left afferent papillary defect, and bilateral mild papilledema. Visual acuity was 20/20 in both eyes. There were no other abnormal neurological findings. An MR image was obtained ( Fig. 1) that demonstrated a diffuse, minimally enhancing, pontine lesion extending superiorly into the midbrain, with no evidence of hydrocephalus ( Fig. 1 D-F) .
Initial Treatment. Radiological appearances were typical for a pontine glioma and, in accordance with current recommendations, 5 the child was referred directly for radiotherapy without undergoing biopsy sampling of the lesion. Two weeks after commencing a 6-week course of fraction-ated radiotherapy he developed a transient weakness of the right arm with right facial nerve and right hypoglossal nerve palsies. A diagnosis of radiation-induced brainstem edema was made. The symptoms completely resolved within 24 hours of commencing a course of dexamethasone.
Posttreatment Course. One week after completion of the course of radiotherapy he developed headaches of increasing severity associated with occasional vomiting. Over the next 2 weeks, he developed difficulty reading and became increasingly clumsy. A diagnosis of acute visual failure secondary to hemorrhagic papilledema was made, and he was referred for urgent neurosurgical review. On admission, he was fully conscious; visual acuity was reduced to light perception only in the left eye and 20/200 in the right eye with associated hemorrhagic papilledema on funduscopy. Magnetic resonance imaging was performed (Fig. 2) , which demonstrated significant shrinkage of the pontine tumor mass in response to the radiotherapy. The Sylvian aqueduct was patent and all four ventricles were mildly dilated with a noticeable enlargement of the subarachnoid space, particularly over the surface of the frontal lobes. The appearances of the ventricles were similar to those seen in external hydrocephalus of infancy, 4 although the prominent widening of the perisylvian CSF spaces was somewhat atypical. Appearances were also compatible with a diagnosis of radiation-induced cerebral atrophy. 3 The venous sinuses were patent, and apart from the pontine lesion, there was no other enhancement following Gd contrast administration (Fig. 3A) . A CT scan revealed evidence of diastasis of the sagittal suture.
Operation and Postoperative Course. A lumbar puncture confirmed a gross elevation of ICP (Ͼ 40 cm H 2 O); however, CSF cytological examination showed no evidence of malignant cells, and microbiological evaluation of the CSF was unremarkable. The patient underwent emergency insertion of a ventriculoperitoneal shunt. Postoperatively his vision failed to improve, and he remained blind in the left eye and had minimal vision (20/600) in the right eye, in association with severe optic atrophy.
Six weeks later, he presented again after a generalized seizure followed by a transient episode of dysphasia, which resolved with dexamethasone therapy. An MR image demonstrated multiple, supratentorial, periventricular, enhancing mass lesions and associated diffuse leptomeningeal enhancement ( Fig. 3B and C) , suggesting widespread intracranial dissemination of the primary tumor. Because of the somewhat atypical clinical course, image-guided biopsy sampling was performed to exclude potentially treatable conditions such as tuberculosis or cerebral lymphoma. 12, 22 The biopsy sampling confirmed a histological diagnosis of glioblastoma multiforme. Intraoperative CSF cytological examination also demonstrated the presence of malignant cells. The child was referred for palliative care and died 8 weeks later, 7 months after his initial presentation. show an uncomplicated diffuse pontine glioma, and the early papilledema was erroneously attributed to the tumor mass. The insidious development of visual failure preceded the development of significant headache, which occurred late in the clinical course. Imaging studies at the time of visual loss were also misleading as only mild ventriculomegaly was present, and neuroimaging appearances were of a communicating hydrocephalus-associated prominent enlargement of the subarachnoid spaces, particularly over the surface of the frontal lobes. These appearances were strikingly similar to those seen in benign external hydrocephalus, a self-limiting condition that is not usually associated with significant elevations of ICP. 1, 4, 13 The development of hydrocephalus in this case was almost certainly secondary to obstruction of the pathways for CSF absorption by the widespread leptomeningeal metastases. Leptomeningeal metastases occur in up to one third of children with malignant pontine glioma. 16 They may be radiologically and cytologically occult at presentation; repeated neuroimaging and CSF sampling (both lumbar and ventricular CSF) may be required to establish the diagnosis. 7, 10, 20 Typically, leptomeningeal metastases would be expected to result in a communicating hydrocephalus with progressive ventriculomegaly and obliteration of the subarachnoid spaces over the surface of the brain. 2, 6 For an external hydrocephalus to develop other pathological factors must be present. The lack of ventricular enlargement in this case probably reflects a relative loss of ventricular compliance due to subependymal tumor spread in the walls of the lateral ventricles. Although pathological confirmation for this hypothesis could not be obtained, MR imaging, obtained late in the clinical course, clearly demonstrated evidence of multiple subependymal metastatic tumor deposits (Fig.  3C) . In cases such as this in which ventricular compliance is poor, we propose that the relative ease with which suture diastasis may occur in an individual patient determines their relative propensity to develop an accumulation of CSF in the subarachnoid spaces over the surface of the brain. In infants, whose fontanels and sutures are patent, early widening of the sutures would be expected, resulting in a lowpressure accumulation of CSF as seen in benign external hydrocephalus. 1, 4 Conversely, in adults and older children in whom the sutures are fused or are tightly apposed, a pseudotumor cerebri-like picture with high pressure and no enlargement of the ventricles or subarachnoid space would occur. Pseudotumor cerebri is exceptionally rare in children younger than 3 years of age, 11 and benign external hydrocephalus is usually self-limiting by 18 months of age.
Discussion
14 It has been proposed that in both conditions CSF absorption into the venous sinuses is impaired but that in infants the presence of open cranial sutures may allow a transient nonhydrostatic loading of brain parenchyma, resulting in mild nonprogressive macrocephaly rather than pseudotumor cerebri. 18 We suggest that our intermediate scenario may arise in young children with reduced ventricular compliance, typically those between 3 and 6 years of age, in whom raised ICP and external hydrocephalus coexist due to the high ICP required to cause sutural diastasis.
This case report should alert clinicians to the potential for early development of raised ICP in children with diffuse pontine glioma. Younger children may present with minimal or no symptoms of raised ICP and may have only mild ventricular enlargement on MR imaging, despite grossly elevated CSF pressure that may threaten vision. Although the prognosis of diffuse pontine glioma is extremely poor, loss of vision may have a profound impact on the patient's quality of life. Early recognition and treatment of this potentially avoidable complication is desirable.
